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Trans--> cis photoisomerization of azobenzene chromophore labeled at the chain center, the chain end, or as
a side chain of polystyrene as well as free probe was studied to investigate the mobility at specific chain sites in polymer
solutions and gels. The site dependency of the chain mobility indicated that the chain center was least affected by
increasing concentration, followed by the chain end and the side chain. Computer simulation to predict segmental density
near the chromophore supports the experimental trends. Also photoisomerization of 50% atactic polystyrene (aPS)

solutions in toluene and tetrahydrofuran was studied as a function of temperature from 250C to -6(WC. In aPS / toluene
gel, the chain mobilities of the chain center and the chain end showed significant changes near the To 0, while side chain
and free probe exhibited little change. Effects of concentration and temperature were characterized by bulk viscosity
measurement to see how chain mobility is influenced at specific sites.
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Mobility Measurements and Computer Simulation at e = a % e-a t
Specific Sites in Polystyrene Solutions and Gels

Y. S. Kim a C S. where i s the number of flashes. At and A2 are the rate constants for the

Institute of Mand aL. Science fast and slow processes. respectively And a stands for the Iracuon of the
University of Connecncut. Storrs, CT06269-3136 fast process. The concentiuon dependency of the fast fraction. a. in the

Y. H. Kim aind A. Glym, case of PS in toluene was summarized in Figure 3. Although fIre probe
Higher Dimension Research. Inc. had little difficulty in photoisomerizauon up to SO. solution, three labeled

7650 Currll Blvd Suite 340 PSi showed significant site dependency after 10% which is above the
St. Pad. MN 55125 chain overlapping concentration (C°) except the SPS case. For the SPS.

CO is 17.02% by weighL SPS expe•enced most dificuity. followed bv the
INTRODUCTION EPS and the CPS. This result implies that the local environment near theThe development of a molecular probe which senses the chain center doesn't change as much as near the chain ends and the sidemicroscopic environment of polymer solutions has been the subject of chain with increasing concenuatioon. In the case of PS in cyclohexane (emany recent studies. Using the fluorescence energy transfer conditon). photoisomenzamon reactions were retarded even in the dilutephenomenon 1. the extent of chain interpenetration was characterized as a solutions of the CPS and the SPS. Although the general trend was aboutfunction of polymer concentration and the nature of solvent On the otherhand. the twisted intramolecular charte-transfc (TCMT plenomemoo was the same as in the good solvent case. the fast fraction. a. was smaller andappned for the study of moclronv tcametr Of Polymer solution such as decreased slower with increasing concentration in cyclohexanc.aocal polarity or segs ntau dmenoity.2 In order to understand this result better, computer simulation wasloca otyhor segmetal enity techniquewasundertaken. From the specific segment density distribuuon functions. itIn this study. phobityiso lUymer technique was etplord in otd5 was found that the chain ends am located fanher away from the center ofo study the chan mobility in polymer solution. This method has hud mass, compared to all segments and the chain center, and the chain centerpreviously applied mainly in polymer films. 3 .4.5 It was found that the is nearest o the censer of mass. In order to see how segmental densitiesdominant factor in the photochemistry of labels in polymer flms is the near the s eific chan sites change with irdeasg polymer concentratins.

local free volume in the vicinity of the label. t distiuton funcuons for the chain center and the rchan end were
Our major concern of this work was the site dependency of the obtained. Aus shown in Figure 4. the segmental density near the chain

change of chain mobility as a function of concentration. solvent power. eob As shige tn nFie the sean end in the ehoer
and temperature, especially when solution undergoes aol-gel masIdo enter was hight i drm near the chan end in the G condition. However.This result was compared with computer simulauon result and co'related the segmental density near the chain end increased with a greater slopewith macroscopic viscosity. It is hoped that the site dependency of chain with increasing concentration. This is because chain overlapping occursmobility due to the process of physical gelation can shed light on the fruit the outer shell of the polymer chain in which the chain ends aregelaton mechanism. located with a higher probability. Although these trends were also

observed in the good solvent case. the magnitude of the segmental density
EXPERIMENTAL was lower and the increasing slope was greater in the good solvent caseAzobenzene chromophore was auached to the specific chain sales due to chain expansion. From the comparison of this result withof polystyrene such as the chain center (CPS). the chain end (MPS). or the photoisomenzation resulL it is clear that the major factor affecting theside chain (SPS) as described in a previous paper fromot ~labofigor.6 A photoisomenzuaon behavior of azobenene in polymer solution isfree probe molecule. 4-phenylazoaniline. was also employed for segmental density in the vicinity of the chromophore.companison Concentration ranges studied wm 0.4 - 50% by weight for Since Wellmnghoff ct al. 7 found that •PS can undergo physicalthe PSI toluene system and 0.4 - 30% for the PS I cyclohexane system. gelation in several solvents, several groups have investigated this

Temperature was maintained at 34.8*C which is the e tempenature for te phenomenon further with a special emphasis on the mechanism and thepolystyrene solution in cyclohexaie. For the study of physical lation of nature of the junction points. Although the ladderlike model developed byatacuc Polystyrene (aPS) .toluene system, a concentrated soltiuon (50%) Guenet ct al.S was supported by several experimental evidences, a recentwas chosen. Also. aPS solution (50%) in letrahydrofurmn (THF) was NMR study9 made this model questionable. They 9 could not observe anystudied for comparison. Temperature range studied was from 250C to- ;vidence for rigid or even antsotropically mobile solvent molecules. Even60C which covers Ttd for the aPS I toluene system. but not for ft .z,/ though this result was obtuned from isotactic PS system, it may be appliedTHF system. The gel temperatures for these systems were determined by to atacuc PS system since the mechanism of gelation is quite similar.die ball-drop method and differentia] scanning calorimetry (DSC). In They proposed a model that both chain ends of the polymer are fixed inorder to study the temperature effect. a dilute solution (0.4%) in toluene juncton points while most polymer segments remain in solution.was also studied. Therefore. a change of the chain mobility at specific sites due to sol-gelA PRA flash light source (Model 6100A) was used to ifrrdiate tM transition may provide a clue to understand a real mechanism.sample to induce trans -> cis phowisomesration. LV-visible spectra of The gel temperatures of aPS I toluene and aPS I THF systems werethe sample were taken with a Perbrn-Elmer diode-array system (Model -50•C and -70*C. respectively. Before the study of physical gelation.7500 data station). photoisomerization reactions of dilute solutions were studied as a functionComputer simulation was performed using molecular dynamics of temperature. Although free probe didn't show any difficulty up to -with a spring-bead model, Two types of interaction were consider d: 60*C. three labeled PSs showed significant retardation at lowerspring type iteracion between the segments aong the chain backbone d.temperatures. It was found that the CPS experienced most difficulty.and Lennard-Jones potential for other ineracutons. The specific segment followed by the SPS and the FPS. This result could be due to ft increasedensity distribution and dil distribution functions ofpof ymer chai were in segmental density caused by chain contractioand"or the greatestcalculated as a function of concentrattio, activation energy for photoisomerization reaction in the CPS. InFor the measurement of macroscopic viscosity. Cone / Pnat concentrated solutions, free probe showed little difficulty inviscometer and Rheomntitic System 4 were employed. photoisomenzation up to -60"C either in toluene or in THE. The chain
mobility of the SPS decreased gradually with decreasing temperature inRESULTS AND DISCUSSION both solvents with little difference. However. it didn't show anyFigure I illustrates UV-vLibl Spa of the dilute solution of EPS significant change around the gel tempentume of the aPSi toluene system.as a function of photoisomeuiZiAton at 34.8C. The absorpton peak at 353 In the case of the CPS, the fast fraction. (L. showed a significant change

am which is due to thea -> ir agnsiton of the rans isomer is decreasing when approachig te gel temperature as shown in Figure 5. This treadwith irradiation while the absorption m 445 =m 3s JinCAUn. UMsang was observed also in the EPS case . but with a lesser extenL In otherappropriate equations. w inetic ab ors Of photoiso increza ng we. obtaing words, the chain mobilities of the chain center and the chain end wer
as shown in Figure 2. It is obvious that non-linear behavior was observed influenced by the gelation process while the side chain and the free probein hghe cocentatins han 0% wight Baed n th asumpion exhiiteb~d little change.in higher concentrations than 10% by weight. 'ased on h sutpbO Effects of concentration and temperature on the chain .mobilitythat pototsmenzaon r Ocu ccurs with a combination of itwoprocesses: fast and Slow Processesc these non-linew behaviors is were characterized by the measurement of macroscopic viscosity to seeroncentased solutioan were charactesized by the following equavionr how the chain mobiliv at specific sites is influenced. Free probe showed

little retardation in a whole range of viscosity. In other cases, chain

mobility decreased gradually with increasing viscosity except the region of
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